In Vivo Sensitized and In Vitro Activated B Cells Mediate Tumor Regression in Cancer Adoptive Immunotherapy
T cell-based therapy of advanced cancers has been one of the few cellular strategies that have resulted in clinically significant and durable responses. Dudley et al. have reported that the adoptive transfer of tumor-infiltrating lymphocytes can result in regression of large burdens of metastatic tumor in melanoma patients (1) . Our laboratory has been involved in investigating tumor-primed lymph nodes as a source of lymphoid cells that could be secondarily sensitized by in vitro methods to generate effector T cells for adoptive immunotherapy (2) (3) (4) (5) (6) . In patients with advanced renal cell cancers, we have documented the ability to obtain durable clinical responses using vaccine-primed lymph node cells in adoptive immunotherapy (7) . However, clinical responses have been confined to a subset of patients. Novel approaches are needed to improve the efficacy of adoptive T cell therapies.
Cellular and humoral responses represent two critical arms of immunity. We hypothesize that any successful cancer treatment strategy will, in the final analysis, have to appropriately stimulate both the humoral as well as the cellular immune responses. Unfortunately, the current knowledge with respect to the effective induction of anticancer humoral responses lags well behind that of the induction of cellular responses. To date, the predominant investigative focus of adoptive immunotherapy for cancer has been to understand the mechanisms involved in the induction, activation, proliferation, and trafficking of effector T cells.
We have previously shown that approximately 60% of tumordraining lymph node (TDLNs) 3 More recently, we examined the immune-modulating effects of IL-21 when administrated concomitantly with T cell transfer for cancer therapy (6) . IL-21 administration promoted both T and B cell antitumor reactivity. The humoral response associated with IL-21 administration was manifested by increased levels of tumorspecific IgG2b in the sera of animals. Use of B cell-deficient mice provided direct evidence that host B cells contributed to T cell plus IL-21-elicited antitumor immunity because the IL-21-augmented therapeutic efficacy of the transferred T cells in the wild-type host was significantly reduced in the B Ϫ/Ϫ host. In this present report, we have identified that B cells purified from TDLNs can function as effector cells in the adoptive cellular therapy of established cancers. Furthermore, the combined use of B effector cells and T effector cells in adoptive cellular transfer results in substantially more effective antitumor responses.
Materials and Methods

Mice
Female C57BL/6 (B6) mice from The Jackson Laboratory were maintained in a pathogen-free environment and used at age 8 wk or older. Principles of laboratory animal care (National Institutes of Health publication 85-23, revised 1985) were followed. The University of Michigan Laboratory of Animal Medicine approved all the animal protocols.
Murine tumor cells
MCA 205 is a weakly immunogenic 3-methylcholanthrene-induced fibrosarcoma that is syngeneic to B6 mice. The D5 melanoma tumor line is a clone of the B16-BL6 tumor line that is poorly immunogenic and syngeneic to B6 mice. D5G6 is a GM-CSF-secreting D5 melanoma tumor line generated in our laboratory (11) . MCA 205 tumors were maintained in vivo by s.c. transplantation in B6 mice and used within the eighth transplant generation. Tumor cells were isolated from solid tumors and resuspended in PBS for administration into mice or in complete medium (CM) for in vitro assays as previously described (9) .
TDLNs
To induce TDLNs, 1 ϫ 10 6 MCA 205 or D5G6 tumor cells in 0.1 ml of PBS were injected s.c. into the lower flanks of normal syngeneic mice. The draining inguinal lymph nodes were collected 9 days later and processed using mechanical dissociation, then filtered through nylon mesh and washed in HBSS. Multiple inguinal TDLNs were pooled from groups of mice for lymphoid cell suspension preparation. CD3
ϩ T cells and CD19 ϩ B cells were purified from TDLN cells by using Ab-coupled Microbeads and a MACS separator (Miltenyi Biotec).
Cell activation and expansion
T cells and/or B cells were activated with immobilized anti-CD3 plus anti-CD28 mAbs in CM containing human recombinant IL-2 and/or LPS (Sigma-Aldrich) plus anti-CD40. Anti-CD3 and anti-CD28 (BD Biosciences) were immobilized on 24-well or 6-well tissue culture plates (Costar). Immobilization was achieved by placing 1 ml of Ab solution in PBS in the wells of the plates and incubating overnight at 4°C or at room temperature for 5 h. The coated plates were washed with PBS and then used for TDLN cell activation at a concentration of 2 ϫ 10 6 cells/ml. CM was used for T cell activation in the presence of recombinant IL-2 (60 IU/ml) (Novartis). These cells were activated/expanded at 37°C with 5% CO 2 for 4 days. Anti-CD40 (FGK45) mAb ascites (1/300 dilution) were used in a soluble form. The anti-CD40 ascites were produced by using FGK45 hybridoma cells (American Type Culture Collection). The use of anti-CD40 ascites at 1/300 dilution was determined by previous titrating tests to be optimal for B cell expansion in combination with LPS (5 g/ml). We determined the IgG content in anti-CD40 ascites using ELISA and found that the 1/300 dilution is equivalent to an IgG concentration of 0.2-0.5 g/ml. Activated and expanded TDLN T and/or B cells were used for adoptive immunotherapy, phenotype, and immune function analyses.
Ab production assessment
Supernatants at the end of cell activation were collected and analyzed for IgM, IgG, and IgG2b production using ELISA (BD Pharmingen). Additionally, we also tested IgG and IgM production in response to tumor Ag stimulation. After activation and expansion, 1 ϫ 10 6 TDLN T and B cells were cocultured with 2.5 ϫ 10 5 irradiated (6000 cGy) tumor stimulator cells in 24-well tissue culture plates at 37°C with 5% CO 2 for 24 h. The supernatant was then collected and analyzed for the production of IgG and IgM in response to tumor by ELISA. Approximately 14 days after T cell transfer, all mice were sacrificed, and lungs were harvested for enumeration of pulmonary metastatic nodules. Subcutaneous tumors were treated in combination with whole body irradiation as described below.
Treatment of s.c. tumors with purified B cells in combination with total body irradiation (TBI) and the induction of lymphodelpletion
Established (5-day) s.c. MCA 205 tumor-bearing mice were treated with TBI (5 Gy) followed by adoptive transfer of purified and activated MCA 205 TDLN B cells. Tumor size was then monitored. In other experiments, we utilized a clinically relevant protocol for the induction of nonmyeloablative lymphodepletion and executed B cell therapy of cancer under lymphopenic conditions. In these experiments, we used the D5 melanoma tumor, which is resistant to cyclophosphamide and fludarabine chemotherapy. In this model, D5 tumor cells were inoculated on day 0, chemotherapy (1 mg of cyclophosphamide and 2 mg of fludarabine) was administered i.p. on days 3 and 4, and activated B cells were adoptively transferred i.v. on day 5.
Flow cytometry analysis
Cell surface expression of CD3, CD19, and B220 was analyzed by immunofluorescence assay and flow cytometry using a FACSCalibur flow cytometer (BD Biosciences). Fluorescence profiles were generated by analyzing 10,000 cells and displayed as logarithmically increased fluorescence intensity vs cell numbers. All FITC-or PE-conjugated Abs were from BD Pharmingen. To block binding to the Fc receptors, mouse BD Fc Block (purified anti-mouse CD16/CD32; BD Pharmingen) was used to incubate the cells before the addition of FITC-or PE-conjugated Abs. Binding of IgG2b produced by activated B cells to tumor cells was detected using FITC-anti-mouse IgG2b or matched isotype control (both from BD Biosciences) following the incubation of tumor cells with B cell culture supernatants. FACS data analysis was performed using the CellQuest software (BD Biosciences).
Ab and complement-mediated cytotoxicity
Tumor cell lysis mediated by Abs produced during TDLN activation was assessed by incubating tumor cells with culture supernatants in test tubes on ice for 1 h followed by cell culture in the presence of rabbit complement (Calbiochem) in a 37°C water bath for another hour. Viable cells were then counted under a microscope after trypan blue staining to calculate cell lysis. Alternatively, cytotoxicity was analyzed in 96-well flat-bottom tissue culture plates and was determined using the Quick Cell Proliferation Assay kit (BioVision) according to the manufacturer's instructions. OD values were measured via a multiwell spectrophotometer to evaluate tumor cell lysis.
Statistical analysis
The significance of differences in numbers of metastatic nodules, the size of s.c. tumors, the concentration of Ig, and cell lysis was determined using one-way ANOVA (Newman-Keuls post hoc test) or unpaired t test. Values of p Ͻ0.05 were considered statistically significant between the experiment groups.
Results
Tumor-primed and ex vivo activated B cells produce IgG and IgM in response to tumor
To date, molecular targets chosen for Ab activation to generate antitumor effector cells have been confined on T cells. We reported previously (5) that while TDLN cells are composed mainly of T cells, which are ϳ55% of the whole TDLN cell population, the rest of the TDLN cells are CD3 Ϫ cells. In this study, we further characterized these CD3
Ϫ cells in the TDLNs. Flow cytometry analysis ( Fig. 1) indicated that in addition to the 50 -55% of CD3 ϩ TDLN T cells (Fig. 1A) , the remainder of the ϳ45% TDLN cells are B cells. This was revealed by their positive staining of CD19 (Fig.  1B) or B220 (Fig. 1C) . PE-anti-CD19 and FITC-anti-B220 double staining revealed that these TDLN B cells express both CD19 and B220 (Fig. 1D) .
To test our hypothesis that in vivo sensitized TDLN B cells may have the potential to mediate antitumor responses, we purified these B cells from the TDLN cells. Utilizing anti-CD19-coupled magnetic beads, we have consistently obtained an enriched population of B cells from TDLNs (Ͼ95% CD19 ϩ , data not show).
Purified TDLN B cells were put into 24-well culture plates at 2 ϫ 10 6 cells/ml, 2 ml/well in CM, and activated with LPS or anti-CD40, respectively, for 4 days. Activated B cells were harvested for phenotype and function analyses. In vitro studies with varying concentrations of LPS or anti-CD40 revealed that LPS activation increased IgG and IgM production by increasing B cell proliferation (data not shown). Anti-CD40 increased Ig production by stimulating B cell differentiation (indicated by CD38 modulation, data not shown). These activated B cells when cultured with irradiated tumor cells resulted in significantly greater Ig production compared with the absence of tumor cells (B cells alone) ( Fig. 2A) . These experiments suggested that tumor-primed and LPS-or anti-CD40-activated TDLN B cells produce Ab in response to tumor. Furthermore, the combination of LPS and anti-CD40 resulted in significantly ( p Ͻ 0.05) enhanced Ig production compared with LPS or anti-CD40 activation alone (Fig. 2B) . We therefore used this LPS and anti-CD40 combination as TDLN B cell stimuli in this study.
In vivo primed and in vitro activated TDLN B cells mediate significant tumor regression after adoptive transfer
To understand the immunological significance of Ab production by in vivo sensitized and in vitro activated B cells derived from TDLNs, we performed adoptive therapy experiments using whole TDLN cells after simultaneous activation of T cells with anti-CD3/ anti-CD28 plus activation of B cells with LPS/anti-CD40. Utilizing the MCA 205 tumor model, we compared the antitumor reactivity of these activated TDLN cells with TDLN cells activated with anti-CD3/anti-CD28 alone in the adoptive immunotherapy of 3-day established pulmonary metastases. As shown in Fig. 3A , unfractionated TDLN cells simultaneously activated with anti-CD3/anti-CD28 plus LPS/anti-CD40 to stimulate T cells and B cells (group 2) resulted in significantly enhanced tumor regression in adoptive transfer compared with an equivalent number of cells activated with anti-CD3/anti-CD28 only (T cells alone, group 1). By FACS, TDLNs activated with anti-CD3/CD28 alone had ϳ95% T cells compared with ϳ70%:30% T:B cells with anti-CD3/CD28 plus LPS/anti-CD40 activation. These experiments clearly indicated that antitumor efficacy of in vitro activated T cells plus B cells was more potent than using T cells alone.
We proceeded to investigate whether purified TDLN B cells alone were capable of mediating tumor regression in adoptive transfer models. We enriched B cells by immunomagnetic beads and secondarily activated them with LPS and anti-CD40. These activated B cells were adoptively transferred into mice with 3-day established lung metastases. The results are illustrated in Fig. 3B . Activated B cells alone mediated significant ( p Ͻ 0.01) tumor regression compared with untreated control animals. We also evaluated the antitumor activity of the mixture of purified T and B cells from TDLNs that were activated together with anti-CD3/anti-CD28 plus LPS/anti-CD40. When purified T and B cells from TDLNs were mixed at a T:B ratio of 1:2 and activated, a 65%:35% T:B cell mixture was obtained. These cells mediated significantly greater reduction of tumor metastases (group 3) upon adoptive transfer compared with equal numbers of purified T cells (group 2) or B cells (group 4) that were activated by anti-CD3/ anti-CD28 or LPS/anti-CD40, respectively (Fig. 3B) . Collectively, these data indicate that enhanced antitumor efficacy of cell therapy can be achieved by cotransferring T cells plus B cells after in vivo priming and in vitro activation. In vivo primed and in vitro activated B cells may represent a novel effector cell type for cancer immunotherapy.
Radiation and chemotherapy significantly enhance the therapeutic efficacy of adoptively transferred B cells
Subcutaneous tumor models are generally more resistant to cellular therapy than are pulmonary metastatic tumor models. We proceeded by examining whether adoptively transferred effector B cells could mediate effective antitumor effects in a s.c. tumor model. In TBI of 5 Gy induces lymphodepletion (12) . The results revealed in Fig. 4, A and B , suggest that adoptively transferred TDLN B cells suppress tumor growth more effectively in the lymphopenic host. To further evaluate the function of adoptively transferred effector B cells in the lymphopenic host, we utilized a clinically relevant protocol for the induction of nonmyeloablative lymphodepletion and executed B cell therapy of cancer under these lymphopenic conditions. In this experiment, we used the D5 melanoma tumor because it is resistant to cyclophosphamide and fludarabine chemotherapy. TDLN cells were induced by inoculating B6 mice with a GM-CSF-secreting D5 tumor line in the flank (11) . D5G6 TDLN B cells were enriched for subsequent activation with LPS and anti-CD40. These cells were transferred into chemotherapy-conditioned lymphopenic hosts for the treatment of established 5-day D5 melanoma lung metastases. Chemotherapy mediated a profound, but transient, reduction in total white blood cell counts in the peripheral blood (data not shown). As demonstrated in Fig. 4C , chemotherapy alone had no significant therapeutic effect on D5 tumor growth. In vivo sensitized and in vitro activated B cells mediated D5 tumor regression ( p Ͻ 0.05) in a dose-dependent manner. These results verified the therapeutic efficacy of TDLN B cells in a second tumor model tested in this study. More importantly, for both doses of B cells infused, there was significantly ( p Ͻ 0.001) greater therapeutic effect in the lymphodepleted hosts. These experiments indicate that induction of lymphopenia before adoptive transfer of TDLN B cells could significantly augment the therapeutic efficacy of these cells.
Therapeutic efficacy of TDLN B cells is associated with the Ab production and tumor-specific cytotoxicity
To define the possible mechanisms underlying the antitumor effects of TDLN B cells, we compared the Ab production and examined the presence of cytotoxic Ab subclasses (e.g., IgG2b) after culture of the purified B cells used for adoptive immunotherapy.
At the end of cell activation and expansion with anti-CD3/anti-CD28 and/or LPS/anti-CD40, cell culture supernatants were collected for Ig detection (Fig. 5) . Significantly increased IgM, IgG, and IgG2b production ( p Ͻ 0.001) in groups 3 and 4 correlated with the significantly increased therapeutic efficacy observed using these cells (TϩB at 65-70%:30 -35%) in adoptive immunotherapy of established pulmonary metastases (Fig. 3) .
In Fig. 4 , A and C, we tested the therapeutic efficacy of purified B cells to treat established (5-day) s.c. tumors in combination with TBI (Fig. 4A) or to treat established D5 pulmonary metastatic cancer in a lymphodepleted host (Fig. 4C) . Ab production was also assessed in the culture supernatant of these purified B cells used for adoptive transfer in these experiments. Table I shows that these purified TDLN B cells consistently produce IgM, IgG, and IgG2b after activation with LPS/anti-CD40 before infusion.
IgG2b was reported to mediate hyperacute rejection in rat cardiac xenografts in a complement-dependent manner (13) . We tested the binding of IgG2b to tumor cells by flow cytometry in the following experiments. Fig. 6 shows that MCA 205 TDLN B cellproduced IgG2b, as shown in Table I , binds to MCA 205 tumor cells (10.5% vs 0.6% control) in a tumor-specific fashion and did not bind to D5 or Pan-02 tumor cells.
We then tested Ab-and complement-mediated cytotoxicity. As indicated in Fig. 7A , Ab from supernatants where B cell activations were performed (groups 3 and 4) demonstrated significantly more efficient tumor cell killing compared with supernatants derived from cell cultures where only T cell activations were performed (groups 1 and 2). This enhanced tumor cell killing correlated with the significantly increased Ab production ( (Fig. 7A) .
The specificity of tumor cell lysis by TDLN B cell-produced Ab and complement was also examined. As indicated in Fig. 8, D5 -TDLN B cell culture supernatants (groups 6 and 8) plus complement mediated significant ( p Ͻ 0.001) D5 tumor cell killing, while MCA 205-TDLN B cell culture supernatant (group 7) showed no D5 cell lysis in the presence of complement compared with the use of complement alone ( p Ͼ 0.05). As indicated previously, IgM, IgG, and IgG2b production by these activated TDLN B cells is shown in Table I Alternatively, Ab-mediated tumor-specific cytotoxicity was analyzed in the WST-1 assay described above. As shown in Fig. 9 , D5-TDLN B cell culture supernatant plus complement (group 6) significantly killed D5 tumor ( p Ͻ 0.05), but not MCA 205 tumor 
Discussion
The experimental results we described in this study using two histologically distinct weakly immunogenic and nonimmunogenic tumors provide direct evidence that in vivo primed and in vitro activated B cells isolated from TDLNs can serve as a cellular reagent to mediate regression of established pulmonary metastases and s.c. tumors upon adoptive transfer. Mechanistically, we observed significantly enhanced tumor-associated Ab responses. Cytotoxic Ab subclass IgG2b produced by these in vivo sensitized and in vitro activated B cells bound specifically to tumor cells, and mediated specific tumor cell lysis in the presence of complement. The application of activated B cells in this setting represents a novel approach that may significantly augment the efficacy of current T cell therapies. The only other report that we are aware of where activated B cells mediated tumor regression was by Harada et al. (14) . In that report, normal B cells were bound to CD3 and mediated tumor regression presumably by binding to T cells. The mechanism by which activated normal B cells mediated tumor responses was not examined in that study.
Several recent studies have shown that T cells and B cells collaborate to elicit immune responses. Down-regulated B cell function decreased T cell immunity in two autoimmune disease models (15, 16) . B cells are required for the generation of protective effector and memory CD4 cells in response to infection (17) . Both T cells and B cells are required to mediate significant immune responses in prion diseases (18) . Recent studies suggested that B cells can function as APCs to T cells in multiple sclerosis (19) and in hemolytic diseases (20) . New experimental evidence has also been documented that Ab plays an important role in renal transplantation through circulating IgG-mediated hydrolysis of coagulation factors (21) .
The role played by B cells in the host immune response to cancer is complex and controversial. Depending on their state of activation, B cells have had divergent roles on T cell differentiation and effector function. In tumor models, resting B cells have been reported to suppress T cell-mediated antitumor immunity (22) (23) (24) (25) . The mechanisms of the suppression by resting B cells on the antitumor immune response is poorly understood (23, 25) . On the other hand, activation of B cells with Ag or Ig cross-linking, but not LPS activation, has been reported to up-regulate the chemokine CCL4 and attract CD4 ϩ CD25 ϩ regulatory T cells (26) . As opposed to resting B cells, several reports have indicated the efficacy of activated B cells in cellular immunotherapy of malignancies. Some of these reports have been focused on how activated B cells can be used as effective APCs for T cell sensitization (27) (28) (29) (30) (31) . Anti-CD40 activated human B cells were found to mediate tumor cell killing via a TRAIL/Apo-2L-dependent mechanism (32) . CD4 T cell therapy of cancer has not worked effectively in B Ϫ/Ϫ mice (33), and T cells by themselves were not enough in suppressing tumor growth in cancer patients (34) . Kawakami et al. reported that the administration of a DNA-based vaccine resulted in antitumor effects of established murine tumors that were mediated by both T and B cells (35) . In this study, we have identified that B cells from tumor-primed lymph nodes possess antitumor reactivity and can be secondarily activated to mediate tumor regression in adoptive transfer models. Other than Ab production and their specific binding and cytotoxicity toward tumor cells as we described herein, other mechanisms by which the transferred TDLN B cells mediated tumor destruction are largely unknown. Evaluations of the interactions of tumor-primed T and B cells during in vitro activation and in vivo after adoptive transfer warrant further investigation.
In our previously reported adoptive immunotherapy studies utilizing T cells, we have described the role played by IFN-␥ in antitumor responses both in animal studies (5, 6, 9, 10, 36) and in clinical trials (7) . In this study, IFN-␥ production by activated T cells, B cells, and T cells plus B cells derived from the TDLNs was also evaluated. While purified and activated T cells did not produce Ab (Fig. 5) , they produced large amounts of IFN-␥ (data not show). In contrast, whereas purified and activated B cells produced large amounts of Abs, they did not produce IFN-␥ (data not shown). Of note, activated T cells plus B cells released both Ab (Fig. 5) and IFN-␥ (data not shown) at high levels. These data demonstrated an association between T cell-mediated therapeutic efficacy with IFN-␥ production, as we reported before, and a correlation between B cell-mediated therapeutic efficacy with the observed Ab production. These data are supportive of our hypothesis that the enhanced therapeutic efficacy mediated by T cells combined with B cells in this study is due to concurrent cellular and humoral antitumor responses.
We found that radiation and chemotherapy significantly enhanced the therapeutic efficacy of adoptively transferred B cells in the s.c. and pulmonary metastatic tumor models, respectively. TBI leads to lymphodepletion (12) . Our subsequent use of a clinically relevant chemotherapy protocol (cyclophosphamide and fludarabine) (1) for the induction of nonmyeloablative lymphodepletion further verified that B cell therapy of cancer could be significantly enhanced in the lymphopenic host. A clinical trial of adoptive transfer of autologous T cells in patients with advanced melanoma pretreated with this nonmyeloablative but lymphodepleting chemotherapy regimen has been reported with promising clinical responses (1). The intent of fludarabine and cyclophosphamide treatment is to induce lymphopenia and potentially eliminate cellular cytokine "sinks" for homeostatic cytokines, such as IL-7, IL-15, and IL-21, which can activate and expand tumor-reactive T cells as well as result in the depletion of regulatory T cells (37) (38) (39) . Mechanisms involved in the enhanced tumor reactivity of adoptively transferred B cells in the lymphodepleted host have not been elucidated to date. These studies may provide more experiment evidence to support the use of B effector cells as a novel cellular reagent for cancer immunotherapy.
In a previous study (40) , we tested the target recognition efficiency of TDLN-isolated T cells without in vitro activation. We found that freshly harvested, nonactivated TDLN T cells had very limited immunity (e.g., IFN-␥ production) in response to tumor cell stimulation. In this study, we also performed experiments by culturing the TDLN-isolated B cells without LPS/anti-CD40 activation. These B cells did not grow and were almost all dead by the end of 4 days in culture. B cells isolated form the spleens obtained from the tumor-bearing mice as well as normal mice did not grow either without LPS/anti-CD40 activation (data not shown). The very limited B cell number (due to the lack of cell expansion) did not allow us to perform adoptive transfer experiments to compare their antitumor efficacy with activated B cells. Also, significant cell death in the absence of B cell activation did not allow us to collect culture supernatants for IgG and/or IgM detection or for binding assays. These series of experiments underscore the essential requriment of in vitro activation for in vivo sensitized B cells to mediate tumor regression in cancer adoptive immunotherapy. The use of LPS plus anti-CD40 as TDLN B cell stimuli in this report may represent a combined stimulation of innate immunity (by LPS) and adaptive immunity (by anti-CD40 to mimic the CD40L signaling from Th cells). Evaluation of additional B cell activation pathways, such as the engagement of the BCR by using available tumor-specific Ag or by using anti-Ig (e.g., anti-IgM or anti-IgD) in the forms of F(abЈ) 2 may lead to the better understanding of requirements and the optimization of methods for pre-effector B cell secondary activation in vitro. Furthermore, successful T cell therapy required the infiltration of infused T cells within the tumor mass (41) . Studies on the infiltration and accumulation of infused B cells in the s.c. tumors and the assessment of proliferation and survival of the infused B cells would increase our understanding of the events behind the observed therapeutic efficacy of adoptively transferred TDLN B cells.
In summary, we have identified that tumor-primed B cells that are secondarily activated in vitro can mediate regression of established tumors upon adoptive transfer. This represents a novel effector cell population that can enhance the therapeutic efficacy of adoptive T cell therapies. Further investigations are required to determine the mechanisms by which activated B cells mediate in vivo tumor regression and how they interact with effector T cells. We have demonstrated that it is quite feasible to generate both T and B effector cells together by in vivo sensitization and in vitro methods that can have direct clinical applications.
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